INTRODUCTION
One of the causes of intraspecific variation in DNA amount is the presence or absence of blocks of chromatin distributed between individuals within populations in a polymorphic fashion. These supernumerary segment systems are particularly prevalent in Orthoptera and usually involve blocks of heterochromatin (John, 1981) although some euchromatic segments have been found (Camacho et a!., 1984) . No effects of these segments on the external phenotype have been demonstrated but a close relationship exists between the presence or absence of the segments and the distribution of chiasmata (John and King, 1985) . It has been argued that this redistribution of chiasmata is of adaptive significance (John, 1981) .
Supernumerary segments are not well known in other groups of organisms and in plants, which are generally more tolerant of chromosome imbalance than animals, segments have seldom been reported. A few are known in the cytologicallyamenable family Liliaceae. In Scilla autumnalis a large number of supernumerary segments has been found, all of them euchromatic and many reaching polymorphic proportions (Ainsworth et a!., 1983) . A heterochromatic segment has also been reported in Tulipa australis (Ruiz Rejon et a!., 1985) . The pattern of inheritance has been investigated in both these species. In an autotetraploid race of S. autumnalis a segment on the short arm of chromosome 1 was transmitted in excess through both the pollen and eggs (Ainsworth et a!., 1983) while in Tulipa the segment was inherited in a normal Mendelian fashion.
In the dicotyledonous plant Rumex acetosa two polymorphic supernumerary segments, both heterochromatic, have been found in British populations (Wilby and Parker, in press) . In this paper the frequency, distribution and inheritance of these supernumerary segments on chromosomes 1 and 6 is considered. The segments show contrasting distributions with that on chromosome 6 showing a clear geographical pattern while that on chromosome 1 is without any apparent ecological or geographical correlates. One of the segments shows enhanced inheritance through the egg and this meiotic drive may play a significant role in the maintenance of the polymorphism. The locations are given in tables 1, 2 and 3. Mitotic chromosomes were examined in roottip squashes after pre-treatment with 005 per cent coichicine and fixation in 1:3 acetic-alcohol.
Meiotic analysis was carried out on PMCs fixed in Carnoy and stained in 2 per cent acetocarmine.
RESULTS
Rumex acetosa is a dioecious species with welldifferentiated sex-chromosomes--2n = 12+ XX in females and 2n = 12 + XY1 Y2 in males (Wilby and Parker, 1986) . The X is a large metacentric while the Ys are slightly smaller but with variable centromeric locations. The six pairs of autosomes are acrocentric with arm-ratios greater than 1: 2. The autosomes grade in size from pair 1 with the longest arm in the complement to pair 6 which is markedly smaller than the rest and less acrocentric. The short arms of pairs 1 and 6 are of equal length and are the largest amongst the autosomes. During prophase the only heterochromatic regions are the two Y-chromosomes of males which carry minute terminal euchromatic regions.
Two different supernumerary segments have been found in British populations of R. acetosa, terminal on the short arms of chromosomes 1 and 6. The segments are heterochromatic and appear as knobs during prophase (figs 1-4). The segments can also be identified during interphase as small chromocentres (fig. 5) ; the nuclei of females are otherwise homogeneous but in males the Ys are visible as massive linear or circular blocks.
The supernumerary segment on the short arm of During meiosis the bivalent formed by pair 1 is identifiable at metaphase-1. In SS1 heterozygotes, the heteromorphism is usually evident despite the highly coiled nature of the bivalents (fig.  6 ). The short arm of chromosome 1 is often achiasmate in standard plants and very few heterozygotes have chiasmata adjacent to the segment. The segment may act, therefore, as a partial cross-over Despite the common occurrence of SS1 it is usually at a low frequency within populations (tables 1-3). In the 28 seed populations (table 1) Three populations derived from the seed of 40 females-Hendra (Cornwall), Navestock Heath (Essex) and Torver (Cumbria)-gave similarly low SS1 frequencies (table 2) .
These patterns of distribution and frequency are repeated in samples of mature plants (table 3) . Eight of the nine populations contained SS1. Tintagel was also studied as a 20-plant seed sample and Hendra, Navestock Heath and Torver in 40-plant samples; the others were from previouslyunsampled areas. Five populations came from a small area of north Cornwall yet there is no consistency in chromosome frequency between these populations. Again the overall frequency of SS1 is low (0057) rising only to 0064 in the eight polymorphic populations.
There is reasonable concordance between seed and mature plant frequencies. The Tintagel population is high in both, while Hendra and Navestock Heath are low in both; the Torver frequency is low in mature plants (0.025) but much higher in the seed (0.1), although the presence of two SS1 homozygotes greatly weights this sample.
Inheritance
The inheritance of SSI has been examined using chromosomes obtained from populations at Torver and Irton (Cumbria), Navestock Heath (Essex) and Hendra (Cornwall). In addition two crosses have been carried out using plants of the offspring generation carrying the Torver-derived SS1. Figure 5 Interphase nucleus of male R. acetosa heterozygous for SS1. The SS1 chromocentre is arrowed. Figure 6 Metaphase-! in PMC of R. acetosa, heterozygous for SSI and SS6. Both heteromorphic bivalents arrowed. Bar in both figures is 10 m.
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the short arm ( fig. 4) . Chromosome 6 is the smallest and also the least acrocentric member of the complement and the segment reduces the arm-ratio from 1: 22 to 1: 15. As with SS1, SS6 is identifiable as a chromocentre in interphase nuclei. At metaphase-l of meiosis the bivalent formed by pair 6 is always identifiable because of its small size ( fig. 6 ). SS6 heterozygotes do not form chiasmata in the segment-bearing arm. In basic homozygotes, however, this arm is seldom chiasmate so chiasma decline may not be of significance in the genetic system of this species. Only one cross gives a significant deviation from equality but the homogeneity justifies pooling the data.
Through the pollen, by contrast, there is a deficit of segment-bearing chromosomes. Overall 79 out of the 182 offspring were heterozygous, a transmission frequency of 043, but this is a nonsignificant deviation from the expected 1: 1 ratio.
Pollen and egg fertilities are unaffected by the presence of supernumerary segments. Accumulation, therefore, does not depend on embryo lethality but must result from an excess of segmentcontaining female gametes. SUPERNUMERARY SEGMENT 6 Chromosome 6 may also carry a heterochromatic segment terminal on the short arm ( fig. 3) . The segment (SS6) is about O4 m at mitotic metaphase leading to an increase of 19 per cent in chromosome length and 51 per cent in length of Figure 8 The distribution and frequency of SS6 in British populations, based on samples of 40 chromosomes. Indicated on the map is the 44°C January isotherm. Notice the absence of polymorphic populations from the colder eastern and northern areas. between seed and mature plant frequencies in the four populations screened at both stages of the life cycle (tables 1-3).
Inheritance
SS6 inheritance has been studied using chromosomes derived from Hendra, Navestock Heath, Torver and Tubney Wood. Seven backcrosses between heterozygotes and basic homozygotes, and a single cross between heterozygotes have been carried out (table 5) . When the S56 heterozygote was used as egg parent (3 crosses) equal frequencies of basic homozygotes and heterozygotes were recovered (56:48). The four reciprocal crosses, however, gave conflicting results. Three showed a 1: 1 ratio (34 homozygotes :40 heterozygotes) while the fourth gave a highly significant excess of heterozygotes (x2=137; P<0.01). The heterozygotex heterozygote cross closely approximated a 1: 2: 1 ratio (table 5) .
Thus one chromosome, derived from the Hendra population, shows accumulation through the pollen. Interestingly the same segment chromosome was used on the egg side (cross 2) and gave an exact 1: 1 (table 5) . Further crosses will establish whether this is a persistent phenotype and whether accompanied by gametic or zygotic death. There is, however, no consistent involvement of meiotic drive or accumulation in the maintenance of this polymorphism.
DISCUSSION
Populations of Rumex acetosa in Britain are commonly polymorphic for heterochromatic supernumerary segments on the short arms of Kuroki (1971, 1975) . Although it is not explicitly stated, it appears from their photographs that segments on chromosomes 5 and 6 were found.
Although British populations of R. acetosa do not carry segments on chromosome 5, they are common in the closely-related European montane species R. arfo1ius (Wilby and Parker, in preparation) .
Segments, presumably heterochromatic, had previously been reported in Japanese populations by Ono (1935) and Yamamoto (1938) . The data of Ono (1935) indicate a chromosome 6 segment which increases short arm length by 23 per cent, remarkably similar to the figure of 19 per cent for British plants. Segments have also been illustrated in plants from Poland (Gajewski et al., 1963) and Czechoslovakia (Vana, 1972) . In none of these reports, however, has the nature of the chromosome variation been established and the Polish workers ascribe karyotypic heterogeneity to numerous inversions and interchanges. SS6 at least is distributed across the Old World range of the species and appears morphologically-constant.
In British populations SS1 and SS6 exhibit contrasting patterns of distribution and frequency. SS1 is widespread but at low frequency without any obvious environmental correlates while SS6 reaches reasonably high frequencies in populations from the south and west of England and in Wales. For SS6 then there may be a selective component in this distribution since it is virtually absent from areas where the mean January temperature is less than 44°C.
The inheritance patterns of the segments are very distinctive. In SS1 there is drive through the egg with about 63 per cent of the gametes of heterozygotes carrying the segment. Accumulation appears to be a regular feature of the behaviour of this segment. There is no decline in fertility, thus this must result from biased gamete production, true meiotic drive. Perhaps the orientation of the heteromorphic bivalent in SS1 heterozygotes is such that the segment-bearing arm is more frequently directed towards the functional pole of the embryo sac. In Zea mays the neocentric activity of K10 leads to an enhanced recovery of the knobbed chromosome in the offspring (Rhoades, 1952) . Heterochromatic SS1 may show similar neocentric activity during female meiosis although there is no evidence of this in PMCs.
In the reciprocal crosses there is a (nonsignificant) deficiency of heterozygotes amongst the offspring. Since meiosis in PMCs is normal and fertility approaches 100 per cent loss of segment chromosomes must occur between pollination and germination. Pollen-tube competition is a possible candidate since X and XY-bearing tubes compete actively in the styles of this species under conditions of high pollen density (Correns, 1928; Wilby and Parker, unpublished) . With sparse pollination no competition occurs and a 1: 1 ratio results. If this is parallelled by the segments then, in the wild, pollen transmission should be near equality. Drive then would be even more potent in maintaining the SS1 polymorphism.
In experiment SS1 inheritance shows an accumulation of about 3 per cent by combining drive and drag. In the absence of selection, even this low level of accumulation would rapidly lead to fixation. SS1 therefore may be slightly deleterious and is maintained, at a low level, by drive counteracting the tendency for segment elimination. The driving segment will carry the rest of chromosome 1 through to the next generation and should therefore distort genetic ratios of loci linked to the segment. With the low frequency of chiasmata in the segment-bearing arm and distal localisation of chiasmata the major portion of chromosome 1 should undergo segregation distortion.
SS6 has a different pattern of inheritance.
Through the egg and in three of the four pollen-side backcrosses SS6 was inherited in a standard Mendelian fashion, while a 1: 2: 1 was generated in an F2. In the remaining backcross, however, threequarters of the offspring were heterozygotes. This chromosome, from the Hendra population, was also used as an egg parent (cross 2) and gave a 1: 1 ratio. There is no associated loss of pollen fertility but it is not yet known whether there is any zygotic lethality. Again, pollen-tube competition cannot be excluded. Tube competition, however, need not be associated with the segment itself: this may simply serve as a specific chromosome or centromere marker. Unlike SS1, it seems that meiotic drive is unlikely to play a major and consistent role in the maintenance of the SS6 polymorphism. 
